This paper presents the free vibration analysis of stiffened isotropic plate by means of finite element method. Stiffeners are used in plates to increase the strength and stiffness. The effect of position of stiffeners on isotropic plate has been studied which involve the possible combination of clamped and free edge condition. The model has been discretized using a 20-node solid element (SOLID186) from the ANSYS element library. The natural frequencies are calculated using Block-Lanczos algorithm. The comparisons of stiffened plate with the available results are found to be in good uniformity. The effect of different boundary conditions, stiffeners location, thickness ratio, stiffener thickness to plate thickness and aspect ratio on the vibration analysis of stiffened plates has been studied.
Introduction
Stiffened plate improves the strength to weight ratio and makes the structure cost efficient. Stiffened plates have been widely used in many industrial structures such as aerospace structures, decks and aircraft structures etc. Barton (1951) studied the free vibration problem of skew cantilever plate. Dawe (1966) employed the Parallelogram elements for rhombic cantilever plate problems. Leissa (1973) attempts to present comprehensive and accurate analytical results for the free vibration of rectangular plates. Liu and Chen (1992) investigated the free vibration of a skew cantilever plate with stiffeners by means of a finite element method is described. As the angle of skew is increased, the natural frequency parameters of the modes are generally increased. Mustafa and Ali (1987) studied the application of structural symmetry techniques to the free vibration analysis of cylindrical and conical shells for the prediction of natural frequencies and mode shapes. Gorman (1976) analyzed the first five symmetric and antisymmetric free vibration modes of a cantilever plate for a wide range of aspect ratios. It is shown that it lends itself readily to the entire family of rectangular plates with classical edge conditions: i.e., clamped, and free. Liu and Chang (1990) shows the deflections and natural frequencies of a cantilever plate with stiffeners obtained by a finite element method are presented. Nair and Rao (1984) investigated the effect of stiffener length of a rectangular plate with simply supported or clamped boundary conditions. The effect of this gap between the stiffener tip and the supporting edge on the natural frequencies is investigated hereby using a finite element approach. Liu and Chang (1989) studied to investigate, by a finite element analysis of a cantilever plate, the minimum number of elements in the chord wise direction necessary in order to achieve sufficient accuracy for the first ten Eigen values. The minimum number of elements in the chord wise has been determined, and it has also been found that, with a new, modified element, one chord wise element will provide sufficient accuracy. Mizusawa et al. (1979) presented vibration analysis of isotropic rectangular plates with free edges by the Rayleigh-Ritz method with B-spline functions. Accurate frequencies of rectangular plates are analyzed for different aspect ratios and boundary conditions. The effects of Poisson's ratio on natural frequencies of square plates with free edges are also investigated. Laura and Gutierrez (1976) deals with the determination of the fundamental frequency of vibration of rectangular plates with edged elastically restrained against rotation. Wu and Liu (1988) analyzed the free vibration of stiffened plates with elastically edges restrained and intermediate stiffeners by using the Rayleigh-Ritz method. Aksu and Ali (1976) studied the free vibration characteristics of rectangular stiffened plates having a single stiffener have been examined by using the finite difference method. Gupta et.al (1986) studied the free vibration characteristics of a damped stiffened panel with applied viscoelastic damping on the flanges of the stiffeners are studied using finite element method. Sivakumaran (1987) concerned with the estimation of natural frequencies of undamaged laminated rectangular plates having completely free edges. The Rayleigh-Ritz energy approach is employed here to obtain the approximate natural frequencies of symmetrically laminated plates. Mukherjee and Mukhopadhyay (1988) studied an isoparametric stiffened plate element is introduced for the free vibration analysis of eccentrically stiffened plates. Bardell and Mead (1989) studied the hierarchical finite element method is used to establish the stiffness and mass matrices of a cylindrically curved rectangular panel. Some natural frequencies and modes of two such panels, each with different boundary conditions, are then determined. The vibration analysis of stiffened plates and the effects of various parameters such as the boundary conditions of the plate, along with orientation, eccentricity, dimensions and number of the stiffeners on free vibration characteristics of stiffened panels have been studied by Hamedani et al. (2012) . Samanta and Mukhopadhyay (2004) studied the development of a new stiffened shell element and subsequent application of this element in determining natural frequencies and mode shapes of the different stiffened structures. Qing et al. (2006) studied the free vibration analysis of stiffened laminated plates is developed by separate consideration of plate and stiffeners. The method accounts for the compatibility of displacements and stresses on the interface between the plate and stiffeners, the transverse shear deformation, and naturally the rotary inertia of the plate and stiffeners. Sharma and Mittal (2010 , 2011 , 2013 and 2014 studied the free vibration analysis of laminated composite plates with elastically restrained edges by applying FEM. In this paper the effects of different geometric parameters i.e. aspect ratio, skew angle, thickness ratio, boundary conditions, stiffener thickness to plate thickness, stiffeners location on the free vibration responses of isotropic plate are studied in detail. 
Material Properties
Consider a thin stiffened plate as shown in Fig. 1 , here a and b are geometric dimensions, h is the thickness of the plate and α is the skew angle. The stiffeners are located along the upper, lower and all edges of the plate respectively. Fig. 2 shows the different types of stiffeners which are considered for the study of vibration analysis of plate. To show the computational efficiency of FEM, an isotropic stiffened plate has been considered. The default material properties of isotropic plate are
Plate Element
The SOLID186 is a higher order 3-D 20-node solid element that exhibits quadratic displacement behavior. The element is defined by 20 nodes having three degrees of freedom per node: translations in the nodal x, y, and z directions. The element supports plasticity, hyperelasticity, creep, stress stiffening, large deflection, and large strain capabilities. It also has mixed formulation capability for simulating deformations of nearly incompressible elastoplastic materials, and fully incompressible hyperelastic materials. The geometry, node locations, and the element coordinate system for this element are shown in Fig. 3 .
Fig. 3. SOLID186 element

Numerical results and discussion
The study shows the vibration analysis of different types of stiffened isotropic plates. Table 1 shows the comparison of non dimensional fundamental frequencies for the isotropic skew plate for the different skew angles. The results are compared with Barton (1951) , Dawe (1966) , Liessa (1973) and Liu et al. (1992) are found in good conformity. Table 2 shows the comparison of the first ten non-dimensional frequencies of isotropic skew plate without stiffener for the boundary condition (CFFF-i.e. clamped-free-free-free-free) and the results are compared for the skew angle, α=0, 15, 30, 45 and 60 with the Liu and Chen (1992) . Table 3 shows the comparison of the first ten non-dimensional frequencies of isotropic skew plate with stiffener located along upper edge for the boundary condition (CFFF) and the results are compared for the skew angle, α=0, 15, 30 and 45 with the Liu and Chen (1992) . Table 4 shows the comparison of the first ten non-dimensional frequencies of isotropic skew plate with stiffener located along upper edge with different type of stiffeners and the results are compared with the Liu and Chen (1992) . Table 5 shows the first ten non-dimensional frequencies of isotropic skew plate with stiffener located along all edge for the boundary condition (CFFF), a/b=0.5 and e/h=0.5. It is observed from the results that as the skew angle increases the frequency parameter increases. Table 6 shows the first ten non-dimensional frequencies of isotropic skew plate with stiffener located along upper edge for the boundary condition (CFFF), a/b=1 and a/b=2 and e/h=0.5. It is clear from the results that as the skew angle increases the frequency parameter increases and also observed that as the aspect ratio increases the natural frequency parameter increases. Table 5 . Natural frequency parameters of skew plates with stiffener located along all edges for different skew angle; a /b = 0.5 and ν = 0.3 and e /h = 0. Table 7 shows the first ten non-dimensional frequencies of isotropic skew plate with stiffener located along all edge for the boundary condition (CFFF), a/b=1 and e/h=0.5. It is examined from the results that as the skew angle increases the frequency parameter increases. Table 8 shows the first ten non-dimensional frequencies of isotropic skew plate with stiffener located along upper edge for the boundary condition (CCFF-i.e. clamped-clamped-free-free), a/b=0.5 and e/h=0.5. It is clear from the results that as the skew angle increases the frequency parameter increases. Table 9 shows the first ten non-dimensional frequencies of isotropic skew plate with stiffener located along upper edge for the boundary condition (CCCC), a/b=2 and e/h=0.5. It is observed from the results that as the skew angle increases the frequency parameter increases. Table 9 . Natural frequency parameters of skew plates with stiffener located along upper edge for different skew angle; a /b = 2 and ν = 0.3 and e /h = 0.5 (CCCC) Fig. 4 shows the variation of first ten non-dimensional frequencies with different skew angle (α=0, 15, 30, 45 and 60) for a stiffened isotropic plate of aspect ratio a/b=0.5 and stiffener located at all edges and ratio of stiffener to plate thickness (e/h= 0.5, 1, 1.5, 2) for CFFF boundary condition. The frequency in all ten modes increases as the skew angle increases. It also shows that as the ratio of stiffener to plate thickness increases, the fundamental frequencies increases. Fig. 5 shows the variation of first ten nondimensional frequencies with different skew angle (α=0, 15, 30, 45 and 60) for a stiffened isotropic plate of aspect ratio a/b=1 and stiffener located at upper edges and ratio of stiffener to plate thickness (e/h= 0.5, 1, 1.5, 2) for CFFF boundary condition. The frequency in all ten modes increases as the skew angle increases. It also shows that as the ratio of stiffener to plate thickness increases, the fundamental frequencies increases. Fig. 6 shows the variation of first ten non-dimensional frequencies with different skew angle (α=0, 15, 30, 45 and 60) for a stiffened isotropic plate of aspect ratio a/b=1 and stiffener located at all edges and ratio of stiffener to plate thickness (e/h= 0.5, 1, 1.5, 2) for CFFF boundary condition. The frequency in all ten modes increases as the skew angle increases. It also shows that as the ratio of stiffener to plate thickness increases, the fundamental frequencies increases. Fig. 7 shows the variation of first ten non-dimensional frequencies with different skew angle (α=0, 15, 30, 45 and 60) for a stiffened isotropic plate of aspect ratio a/b=2 and stiffener located at upper edges and ratio of stiffener to plate thickness (e/h= 0.5, 1, 1.5, 2) for CFFF boundary condition. The frequency in all ten modes increases as the skew angle increases. It also shows that as the ratio of stiffener to plate thickness increases, the fundamental frequencies increases. Fig. 8 shows the variation of first ten non-dimensional frequencies with different skew angle (α=0, 15, 30, 45 and 60) for a stiffened isotropic plate of aspect ratio a/b=0.5 and stiffener located at upper edges and ratio of stiffener to plate thickness (e/h= 0.5, 1, 1.5, 2) for CCFF boundary condition. The frequency in all ten modes increases as the skew angle increases. It also shows that as the ratio of stiffener to plate thickness increases, the fundamental frequencies increases. Fig. 9 shows the variation of first ten non-dimensional frequencies with different skew angle (α=0, 15, 30, 45 and 60) for a stiffened isotropic plate of aspect ratio a/b=2 and stiffener located at upper edges and ratio of stiffener to plate thickness (e/h= 0.5, 1, 1.5, 2) for fully clamped boundary condition. The frequency in all ten modes increases as the skew angle increases. It also shows that as the ratio of stiffener to plate thickness increases, the fundamental frequencies increases. 
Conclusions
The finite element methodology has been used to investigate the free vibration analysis of stiffened plates with stiffeners with adequate results. The all edges clamped boundary conditions gives the higher natural frequencies than the other boundary conditions. From the results it is observed that by increasing the skew angle the natural frequency increases and by increasing the stiffener to the plate thickness the natural frequencies also increases for all the boundary conditions. By providing the stiffener to the plate the natural frequencies of the plate shifted towards the higher side. The effect of various types of stiffeners (Types 1, 2, 3 and 4) on the natural frequencies has been studied. 
